1. Introduction {#sec1}
===============

Kawasaki disease (KD) is an acute febrile illness that predominantly affects infants and children \[[@B1]\]. This disease is characterized by a systemic vasculitis that may have coronary artery lesions (CALs) \[[@B1], [@B2]\]. Although intravenous immunoglobulin (IVIG) is the established treatment for acute KD \[[@B2], [@B3]\], more than 10% of such patients are resistant to this therapy. KD has a diverse array of clinical manifestations and laboratory findings, and the histopathological examinations demonstrate arteritis and inflammation in multiple organs including the kidney \[[@B4], [@B5]\]. Abnormal urinary findings, such as sterile pyuria, proteinuria, and microscopic hematuria, are often seen in patients with KD during the acute phase \[[@B5], [@B6]\]. Although sterile pyuria in KD had been thought to be caused by urethritis \[[@B5]\], Watanabe et al. have reported that these urinary cells originated from both the urethra and the kidney as a result of mild and subclinical renal injury \[[@B7], [@B8]\].

Lactate dehydrogenase (LDH) is an enzyme found in nearly all living cells and consists of at least five isozymes (LDH1--LDH5) \[[@B9]\]. Urinary LDH (U-LDH) activity, especially U-LDH4 and U-LDH5, was reported to be elevated in child patients with upper urinary tract infection (UTI) \[[@B10]--[@B12]\]. However, there has been no report of U-LDH activity or its isozyme patterns in KD. The aim of the present study was to investigate whether or not U-LDH activity is increased in the acute phase of KD and, if so, which of the isozymes are increased. Furthermore, to investigate whether or not U-LDH levels reflect the severity of KD vasculitis, the U-LDH activity and its isozyme patterns were compared between IVIG responders and IVIG nonresponders.

2. Materials and Methods {#sec2}
========================

2.1. Ethical Statement {#sec2.1}
----------------------

The present study was approved by the institutional review board at the National Defense Medical College.

2.2. Study Subjects {#sec2.2}
-------------------

We retrospectively reviewed the clinical records of 120 patients with KD, 18 patients with viral infection (VI), and 43 patients with UTI. All patients were hospitalized at the National Defense Medical College hospital between January 2002 and December 2015. All KD patients were enrolled within 6 days of the onset of illness, with day 1 defined as the first day of the fever, and all patients met the diagnostic criteria for KD established by the Diagnostic Guidelines for Kawasaki Disease (5th revision) \[[@B13]\]. No bacterial species were identified in the blood or urine cultures from KD patients. All KD patients were treated with oral aspirin (30 mg/kg/day), IVIG (2 g/kg/day), and intravenous ulinastatin (15000 U/kg in 3 divided doses) \[[@B14]\]. "IVIG nonresponder" was defined as a persistent fever lasting \>24 h after the completion of IVIG or a recrudescent fever associated with KD symptoms after an afebrile period. The Kobayashi score \[[@B15]\], which is a common predictor for IVIG resistance in Japan, was calculated in all KD patients. Although six patients had transient dilatation of coronary arteries from the acute through the subacute phases, they had no segmental aneurysm at the convalescent phase. Urine samples were obtained from KD patients in the acute febrile phase (pre-IVIG), subacute phase (post-IVIG), and convalescent (afebrile) phase. U-LDH activity was analyzed using the Japanese Society of Clinical Chemistry (JSCC) transferable method \[[@B16]\]. U-LDH isozyme was analyzed using a cellulose acetate membrane electrophoresis.

The VI group included 18 children with fever (≥38°C). The type of virus in three patients was definitively diagnosed (two with adenovirus infection by a rapid diagnostic test using throat swab and one with Epstein-Barr virus infection by a serum antibody test). As 15 patients (9 with acute upper respiratory infection and 6 with bronchopneumonia) had low CRP levels (\<2.0 mg/dl) and their fever went down without the administration of antibiotics, all of them were clinically diagnosed with some type of viral infection. None of the VI patients met the diagnostic criteria for KD, and no bacterial species were detected in the urine culture from them.

The UTI group included 43 children with a fever (≥38°C) before antibiotic therapy. Urinary specimens for culture were collected by catheter. The diagnosis of UTI was based on a quantitative urine culture yielding greater than 10^5^ colony-forming units (CFU) of bacteria per milliliter of urine. The UTI group included 37 children with*Escherichia coli*, 4 with*Klebsiella oxytoca*, and 2 with*Enterococcus faecalis*, detected in urine culture. Thus, all UTI patients were diagnosed as upper UTI.

2.3. Statistical Analysis {#sec2.3}
-------------------------

All of the data are presented as the mean ± standard error (SE). The statistical analyses were performed using JMP11-0 statistical software (SAS Institute, Inc., Cary, NC). Pearson\'s chi-square test was used for the comparison of categorical variables. We compared data among the three groups using the analysis of variance (ANOVA) tests for continuous variables and Tukey\'s honestly significant difference (HSD) test. We compared variables between two groups using Student\'s *t*-test. A *P* value \< 0.05 was considered to be statistically significant.

3. Results {#sec3}
==========

The clinical and laboratory data were compared among the KD, VI, and UTI groups ([Table 1](#tab1){ref-type="table"}). The KD group tended to have significantly higher levels of neutrophil proportion (*P* \< 0.001) and significantly lower levels of sodium (*P* \< 0.01) than the VI or UTI groups. The KD group also tended to be older, have significantly higher levels of alanine aminotransferase (ALT), and have significantly lower levels of albumin (Alb) and white blood cells (WBCs) than the UTI group (*P* \< 0.01).

Total U-LDH activity and its isozyme patterns were compared among the KD, VI, and UTI groups ([Table 2](#tab2){ref-type="table"}). The UTI group had significantly higher total LDH activity (66.0 ± 8.0 IU/L, *P* \< 0.01) than the KD (35.4 ± 4.8 IU/L) and VI groups (17.0 ± 6.2 IU/L), and the KD group had significantly higher total LDH activity (*P* \< 0.05) than the VI group. On comparison of the U-LDH isozyme patterns among the three groups, the KD group had significantly higher levels of U-LDH1 (12.5 ± 0.9 IU/L) than the VI (5.5 ± 2.4 IU/L, *P* \< 0.01) and UTI (7.4 ± 1.5 IU/L, *P* \< 0.05) groups and significantly higher levels of U-LDH2 (8.1 ± 0.6 IU/L, *P* \< 0.01) than the VI group (3.9 ± 1.5 IU/L). In contrast, the UTI groups had significantly higher levels of U-LDH3 (9.5 ± 1.2 IU/L), U-LDH4 (14.4 ± 2.0 IU/L), and U-LDH5 (27.4 ± 3.9 IU/L) than the KD (4.2 ± 0.7, 4.0 ± 1.2, and 6.6 ± 2.3 IU/L) and VI groups (2.0 ± 2.0, 1.6 ± 3.3, and 3.9 ± 6.4 IU/L) (*P* \< 0.01). There was no correlation between the serum LDH levels and total U-LDH activity in the KD, VI, and UTI groups (data not shown).

The total U-LDH activity was compared among the pre-IVIG, post-IVIG, and convalescent phases of KD. The mean levels of U-LDH were significantly higher in the pre-IVIG phase (35.4 ± 2.1 IU/L) than in the post-IVIG (19.2 ± 3.3 IU/L) and convalescent (13.0 ± 4.4 IU/L) phases (*P* \< 0.001) ([Figure 1(a)](#fig1){ref-type="fig"}). The time course changes in the total U-LDH activity in the nine KD patients whose data could be consecutively acquired in these three phases are shown in [Figure 1(b)](#fig1){ref-type="fig"}. The increased levels of total U-LDH activity in the pre-IVIG phase tended to decrease from the subacute phase throughout the convalescent phase. In the KD group (*n* = 120), 89 patients were responders to IVIG therapy, and 31 patients were nonresponders. Total U-LDH activity and its isozyme patterns during pre-IVIG phase were compared between the IVIG responders and nonresponders in the KD group ([Table 3](#tab3){ref-type="table"}). The mean Kobayashi score in the IVIG nonresponder group (5.6 ± 0.4) was significantly higher than that in the IVIG responder group (3.5 ± 0.2) (*P* \< 0.05). The IVIG nonresponder group had significantly higher total U-LDH activity (45.1 ± 4.7 IU/L, *P* \< 0.05) than the IVIG responder group (32.0 ± 2.8 IU/L). Furthermore, the IVIG nonresponder group had significantly higher levels of U-LDH1 (17.4 ± 1.9 IU/L) and U-LDH2 (10.8 ± 1.1 IU/L) isozymes than the IVIG responder group (10.9 ± 1.1 IU/L, 7.1 ± 0.6 IU/L) (*P* \< 0.05). Furthermore, urinary levels of N-acetyl-*β*-D-glucosaminidase (NAG, *n* = 83) and *β*2-microglobulin (*n* = 87) were measured in KD patients. There was a significant positive correlation between the total U-LDH activity and urinary NAG levels (*R* = 0.52; *P* \< 0.001) but not between the total U-LDH activity and urinary *β*2-microglobulin levels (*R* = 0.22; *P* = 0.038).

4. Discussion {#sec4}
=============

The present study revealed that total U-LDH activity increased in the acute phase of KD and decreased from the subacute phase throughout the convalescent phase. In the isozyme pattern analysis, KD patients had high levels of U-LDH1 and U-LDH2, while UTI patients had high levels of U-LDH3, U-LDH4, and U-LDH5. Furthermore, the IVIG nonresponder group of KD patients had significantly higher total U-LDH activity, especially U-LDH1 and U-LDH2 levels, than the IVIG responder group.

Total U-LDH activity has been reported to be increased in a wide spectrum of renal diseases, including an upper UTI and malignant diseases \[[@B17], [@B18]\]. The U-LDH level is reported to have no correlation with the serum LDH level \[[@B19]\], and the same finding was also seen in the present study. These findings suggest that U-LDH does not translocate from the bloodstream but originates from the urinary tract, including the kidney, ureter, bladder, and urethra. U-LDH is composed of five isozymes (U-LDH1--5) \[[@B9]\], and U-LDH1 and U-LDH2 predominate in normal, healthy children \[[@B10]\]. In patients with a lower UTI, such as cystitis, the predominance of U-LDH1 and U-LDH2 is maintained as it is, without significant increase in total U-LDH activity \[[@B10]\]. Under conditions of an upper UTI, such as pyelonephritis, the isozyme composition changes from predominance of U-LDH1 and U-LDH2 (fast-zone pattern) to that of U-LDH4 and U-LDH5 (slow-zone pattern) \[[@B10], [@B11]\]. Since leukocytes contain abundant LDH4 and LDH5, the presence of elevated numbers of leukocytes in the urine may result in a shift to the predominance of U-LDH4 and U-LDH5 \[[@B9]\]. Furthermore, it has been reported that infection, ischemia, or necrosis can alter the isozyme composition of renal tissue \[[@B11]\].

The present study is the first to find that KD patients had high levels of U-LDH activity. The predominance of U-LDH1 and U-LDH2 isozymes in the acute phase of KD is thought to be derived from the kidney and urinary tract. Amano et al. reported that urinary abnormalities such as proteinuria and pyuria in KD may be caused by inflammation in the urinary system including focal interstitial nephritis, cystitis, and prostatitis \[[@B20]\]. Ohta et al. demonstrated that the urinary levels of urinary NAG and *β*2-microglobulin were elevated during the acute phase of KD, suggesting the presence of an inflammatory process within the renal parenchyma, such as interstitial nephritis \[[@B21]\]. The present study revealed that the U-LDH activity was positively correlated with the urinary levels of NAG. Renal echographic evaluation demonstrated enlarged kidneys with increased corticomedullary differentiation \[[@B22]\], and follow-up technetium-99m dimercaptosuccinic acid scintigraphy single-photon-emission computed tomography revealed renal scarring in 46% patients of KD \[[@B23]\]. Wu et al. reported that immune-mediated vasculitis may be responsible for renal involvement in KD \[[@B24]\]. Therefore, the elevation of U-LDH1 and U-LDH2 isozymes may be mainly caused by renal injury due to KD vasculitis. However, because not all of KD patients have urinary abnormalities, such as proteinuria, pyuria, or increased levels of NAG, *β*2-microglobulin, and U-LDH, these renal findings do not directly lead to the diagnosis of KD.

Our results also revealed that the IVIG nonresponder group had significantly higher U-LDH activity, especially U-LDH1 and U-LDH2 isozymes, than the IVIG responder group. IVIG nonresponders are suggested to be at higher risk of developing CALs than IVIG responders \[[@B2], [@B3]\]. Fatal KD cases are reported to have findings of renal vasculitis, hypercellularity in glomeruli, and interstitial cell infiltration \[[@B5]\]. Recently, the new term "Kawasaki disease shock syndrome" has been proposed as a severe form of KD, and these patients are reported to be resistant to IVIG therapy and associated with greater risk of CALs \[[@B25]\]. Gatterre et al. reported that 10 out of 11 patients with Kawasaki disease shock syndrome developed acute kidney injury \[[@B26]\]. Thus, it cannot be denied that these high levels of U-LDH1 and U-LDH2 may reflect the degree of severity of this disease.

The patterns of U-LDH isozymes differed between the KD and UTI groups ([Table 2](#tab2){ref-type="table"}). Namely, U-LDH1 and U-LDH2 dominated in KD, while U-LDH3, U-LDH4, and U-LDH5 dominated in UTI. Benseler et al. reported that 42 (33%) out of 129 patients with KD had concurrent infections at the time of diagnosis, and 4 patients had UTIs due to*E. coli* and*Klebsiella* \[[@B27]\]. Wu et al. revealed that 8 (10.7%) out of 75 patients with KD had bacterial pyuria in urine culture, indicating that pyuria is not always sterile in KD patients \[[@B28]\]. There is a case report of KD misdiagnosed as acute pyelonephritis, because fever and pyuria preceded the appearance of classical mucocutaneous signs \[[@B29]\]. Therefore, the measurement of U-LDH isozymes may aid in the differential diagnosis of KD and UTI.

Several limitations associated with the present study must be mentioned. First, we investigated a small number of patients in only one institution. The VI group is thought to include a wide variety of viral infections, and the number of patients was small. To determine the sensitivity and specificity of U-LDH for distinguishing KD from UTI and other infectious diseases, further studies will be needed in the future. Second, since the present study was a retrospective observation without randomization, it may have had some bias. It is possible that the patients in the present study were not representative of patients with KD in general. A prospectively designed study should be performed to minimize the survey bias. Third, since none of KD patients had CALs as sequelae in the present study, we could not investigate the association between U-LDH level and CALs. Further studies will be needed to determine whether or not U-LDH level is a predictor for CALs. Despite these limitations, however, the present results offer new information that KD patients have increased total U-LDH activity, especially U-LDH1 and U-LDH2 isozymes, unlike UTI.

In conclusion, the total U-LDH activity increased in the acute phase of KD and decreased from the subacute throughout the convalescent phases. While UTI patients had high levels of U-LDH3, U-LDH4, and U-LDH5, KD patients had high levels of U-LDH1 and U-LDH2. IVIG nonresponders with KD had significantly higher total U-LDH activity, especially U-LDH1 and U-LDH2, than IVIG responders. These results indicate that KD patients have a unique pattern of U-LDH isozymes that differ from those in UTI patients.
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###### 

A comparison of the clinical data among the KD, VI, and UTI groups.

                     KD (*n* = 120)       VI (*n* = 18)   UTI (*n* = 43)   *P*
  ------------------ -------------------- --------------- ---------------- -----------
  Male, *n* (%)      70 (58.3)            10 (55.6)       28 (65.1)        0.689^\#^
  Age, month         33.4 ± 2.78^†^       41.1 ± 7.22     11.9 ± 4.63      \<0.001
  T-Bil, mg/dl       1.24 ± 0.12          0.76 ± 0.47     0.65 ± 0.21      0.060
  AST, IU/L          150.1 ± 23.6         45.4 ± 97.1     42.3 ± 43.8      0.089
  ALT, IU/L          138.0 ± 16.4^†^      28.0 ± 67.2     28.2 ± 30.3      0.006
  LDH, IU/L          349.8 ± 13.6         305.9 ± 54.6    283.0 ± 24.8     0.074
  TP, g/dl           6.50 ± 0.07          6.46 ± 0.20     6.49 ± 0.10      0.980
  Alb, g/dl          3.77 ± 0.05^†^       4.03 ± 0.17     4.16 ± 0.08      \<0.001
  Sodium, mEq/L      134.5 ± 0.25^*∗∗*^   138.3 ± 2.05    137.2 ± 0.47     \<0.001
  CRP, mg/dl         9.05 ± 0.47          2.36 ± 1.65     6.51 ± 0.78      \<0.001
  WBC, ×10^3^/*μ*L   15.0 ± 0.55^†^       13.2 ± 2.18     19.6 ± 1.01      \<0.001
  Neutrophil, %      71.9 ± 1.40^*∗*^     42.8 ± 5.74     59.5 ± 2.57      \<0.001
  Hb, g/dl           11.4 ± 0.12          11.8 ± 0.42     11.4 ± 0.18      0.680
  Hct, %             34.2 ± 0.27          34.5 ± 1.15     33.2 ± 0.51      0.194
  Plt, ×10^4^/*μ*L   38.3 ± 2.59          43.3 ± 11.2     44.5 ± 4.80      0.521

Alb, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, C-reactive protein; Hb, hemoglobin; Hct, hematocrit; LDH, lactate dehydrogenase; Plt, platelet; T-Bil, total bilirubin; TP, total protein; WBC, white blood cell.

The data are presented as the mean ± SE for continuous variables and as the number of patients (%) for categorical variables.

The *P* values were obtained using an ANOVA or ^\#^Pearson\'s chi-squared test.

 ^*∗*^*P* \< 0.001 versus VI and UTI, ^*∗∗*^*P* \< 0.01 versus VI and UTI, and ^†^*P* \< 0.01 versus UTI were obtained using Tukey\'s HSD test.

###### 

A comparison of U-LDH and its isozyme patterns among KD, VI, and UTI groups.

                 KD                 VI           UTI              *P*
  -------------- ------------------ ------------ ---------------- ---------
  U-LDH, IU/L    35.4 ± 4.8^*∗*^    17.0 ± 6.2   66.0 ± 8.0^††^   0.002
                                                                  
  U-LDH1, IU/L   12.5 ± 0.9^*∗*†^   5.5 ± 2.4    7.4 ± 1.5        0.002
  U-LDH2, IU/L   8.1 ± 0.6^*∗*^     3.9 ± 1.5    7.1 ± 0.9        0.039
  U-LDH3, IU/L   4.2 ± 0.7          2.0 ± 2.0    9.5 ± 1.2^††^    \<0.001
  U-LDH4, IU/L   4.0 ± 1.2          1.6 ± 3.3    14.4 ± 2.0^††^   \<0.001
  U-LDH5, IU/L   6.6 ± 2.3          3.9 ± 6.4    27.4 ± 3.9^††^   \<0.001

The *P* values were obtained using an ANOVA.

 ^*∗*^*P* \< 0.05 versus VI, ^†^*P* \< 0.05 versus UTI, and ^††^*P* \< 0.01 versus KD and VI were obtained using Tukey\'s HSD test.

###### 

A comparison of U-LDH and its isozyme patterns between IVIG responders and nonresponders groups with KD.

                    IVIG responders   IVIG nonresponders
  ----------------- ----------------- --------------------
  Kobayashi score   3.5 ± 0.2         5.6 ± 0.4^*∗*^
                                      
  U-LDH, IU/L       32.0 ± 2.8        45.1 ± 4.7^*∗*^
                                      
  U-LDH1, IU/L      10.9 ± 1.1        17.4 ± 1.9^*∗*^
  U-LDH2, IU/L      7.1 ± 0.6         10.8 ± 1.1^*∗*^
  U-LDH3, IU/L      3.9 ± 0.4         5.0 ± 0.7
  U-LDH4, IU/L      3.8 ± 0.6         4.4 ± 1.0
  U-LDH5, IU/L      6.4 ± 0.8         7.5 ± 1.4

 ^*∗*^*P* \< 0.05 versus IVIG responders was obtained using Student\'s *t*-test.
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